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(54) MULTILAYER INSULATED WIRE AND TRANSFORMER USING THE SAME 



(57) There is disclosed a multilayer insulated wire 
having two or nx>re extrusion-coating insulating layers 
provided on a conductor direaly or via some other layer, 
or provided on the outside of a multicore vtnre composed 
of conductor cores or insulated cores that are collected 
together, wherein at least one of the insulating layers is 
made of a mixture prepared by mixing 100 parts by 
weight of a polyethersultone resin and 10 to 100 parts 
by weight of an inorganic filler. There is also disclosed a 
transformer utilizing the multilayer insulted wire. The 
multilayer insulated wire can realize such high heat 
resistance as heat resistance F class (155 ""C). which 
satisfies lEC 950 standards, or higher heat resistance, 
in transformers; and can exhibit excellent electrical 
properties even at high frequencies. Further, according 
to the transformer, when it is used at high frequencies, 
the electric properties are not lowered, and influence by 
the generation of heat can be prevented. 
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Description 

TECHNICAL FIELD 

5 [0001] The present invention relates to a multilayer insulated wire having two or more insulating layers, and a trans- 
former wherein the same is utilized. More specifically, the present invention relates to a multilayer insulated wire excel- 
lent in heat resistance and high-frequency properties and useful as a lead wire and a winding used in a transformer to 
be incorporated in electronic/electrical equipment and the like. The present invention also relates to a transformer that 
utilizes the multilayer insulated wire. 

10 

BACKGROUND ART 

[0002] The structures of transformers are stipulated, for example, in lEC standards (International Electrotechnlcal 
Communication Standards), Pub. 950. These standards stipulate, for example, that, in the windings, the enamel film 

15 coating the conductor is not recognized as an insulating layer; an insulator having a stipulated thickness, or a thicker 
insulator, is to be inserted between the primary winding and the secondary winding; or. a three-layer insulator, wherein, 
out of the three layers, two aibitrary layers F>ass the test of the stipulated withstand voltage (in the case of an operating 
voltage of 1,000 V. they should withstand for 1 min or more with 3.000 V being applied), is to be inserted between the 
primary winding and the secondary winding; and a stipulated creeping distance is to be taken between the primary 

30 winding and the secondary winding. 

[0003] Accordingly, in the currently predominant transformer, wherein an enameled wire is used, the structure shown 
in Fig. 2 in aoss section, by way of example, is employed. That is. the structure is such that insulating barriers (2). for 
securing a creeping distance, are arranged on opposite ends of the circumferential surface of a bobbin (1); a primary 
winding (3) is wound between the insulating t>arriers; an insulating tape (4) is wound thereon at least three times; and 

25 then insulating bamers (2). for securing a creeping distance, are arranged on opposite ends of the circumferential sur- 
face, and a secondary winding (5) is wound between them. 

[0004] Additionally, in recent years, in place of the transformer having the structure shown in Fig. 2. a transformer hav- 
ing the structure shown in Fig. 1 in cross section, by way of example, has begun to appear. The feature of this trans- 
former is that it is small-sized overall, by omitting the insulating barriers (2) and the insulating tape (4). by using an 
30 insulated wire having at least three insulating layers as the primary winding (3) and/or the secondary wire (5). In the 
example shown in Fig. 1 . the primary winding (3) has three insulating layers (3b. 3c. and 3d) on the outer circumferential 
surface of a conductor (3a). This structure brings about an advantage that the nunt^er of steps of operations for winding 
the insulating barrier (2) and the insulating tape (4) can be reduced/omitted. 

[0005] Examples of such a three-layer insulated wire known are one in which a first insulating layer is formed by wind- 

55 ing an insulating tape around the outer circumference of a conductor, and then another insulating tape is wound around 
thereon, to form a second insulating layer, and then a third insulating layer is formed thereon; and one in which, instead 
of the insulating tapes, a f luororesin is successively extruded onto the outer circumference of a conductor, to form three 
insulating layers in all (JU-A-3-561 12 ("JU-A" means unexamined pul)lished Japanese utility model application)). 
[0006] However, the insulation by the above insulating tape winding cannot avoid the winding operation, and therefore 

40 It has the problem that the productivity is tremendously low, to increase the production cost. Further, although the above 
insulation with a fluororesin is excellent in heat resistance and high-frequency properties, the cost of the resin is high, 
and further, when the conductor is pulled at a high shear rate, the state of the external appearance is characteristically 
deteriorated. Therefore it is difficult to increase the production speed, leading to the fault that the cost of the electric wire 
with the fluororesin is made very high, similarly to the insulating tape winding, and the production cost of the transformer 

45 is increased as a result. To solve such problems, the inventors of the present invention proposed, for example, an insu- 
lated wire in which a polyester resin that is modified so that crystallization may be prevented from occurring and reduce 
of the molecular weight may be suppressed from occurring, is extruded onto the outer circumference of a conductor, to 
form a first and a second insulating layer, and then a polyamide resin is extruded as a third insulating layer for the cov- 
ering (JP-A-6-223634 ("JP-A" means unexamined published Japanese patent application (US-A-5,606,152)). 

so [0007] However, it cannot be said that such a multilayer extrusion-coating insulated wire satisfactorily meets the 
demand for improvement in the performance of transformers in the future, which will become more and more strict. 
[0008] First, as electrical/electronic equipments have been made small-sized in recent years, the influence of heat 
generation on a transformer becomes remarkable easily, and therefore, even in the case of the above three-layer extru- 
sion coating insulated wire, higher heat resistance is demanded. Further, the frequency used in circuits of transformers 

55 is made into high frequencies, and therefore improvements in electrical properties at high frequencies are demanded. 
[0009] To meet such demands, the inventors of the present invention proposed, as a multilayer insulated wire 
improved in heat resistance, an electric wire covered with an inner layer of a polyethersulfone and the outermost layer 
of a polyamide (JP-A-10-134642). 



2 



OWMSCXXJID: <EP OQA^nooAi i ^ 



EP 0 944 099 A1 

[0010] An dbject of the present invention is to provide a multi layer insulated wire that solves the above problems 
involved in conventional multi layer insulated wires, that realizes such high heat resistance as heat resistance F dass 
(155 **C), which satisfies lEC 950 standards, or higher heat resistance, in transformers; and that can exhibit excellent 
electrical properties even at high frequencies. 
s [001 1] Further, another object of the present invention is to provide a transformer wherein, when it is used at high 
frequencies, the electric properties are not lowered, and influence by the generation of heat is prevented. 
[0012] Other and further objects, features, and advantages of the invention will appear more fully from the following 
desaiption. taken in connection with the accompanying drawings. 

w DISCLOSURE OF INVENTION 

[001 3] In view of the above objects, the inventors of the present invention, having investigated intensively, have found 
that, when at least one layer out of two or more extrusion-coating insulating layers is formed by using a mixture of 100 
parts by weight of a polyethersulfone resin as a favorably extrudable heat-resistant resin with 10 to 100 parts by weight 
15 of an irx)rganic filter, the heat lesistance is further improved, the electric properties at high frequencies are made better, 
and further the heat shock resistance (crack prevention) and the solvent resistance of the coating insulating layer are 
improved. The present invention is corrpleted tjased on the above findings. 
[0014] That ts. according to the present invention there is provided: 

so (1) A multi layer insulated wire having two or more extrusion-coating insulating layers provided on a conductor 
directly or via some other layer, or provided on the outside of a multicore wire corrposed of conductor cores or insu- 
lated cores that are collected together, wherein at least one of the insulating layers is made of a mixture prepared 
by mixing 100 parts by we«ght of a potyelhersulfone resin and 10 to 100 parts by weight of an inorganic filter; 

(2) A multi layer insulated wire having two or more extrusion-coating insulating layers provided on a conductor 
ss directly or via some other layer, or provided on the outside of a multicore wire composed of conductor cores or insu- 
lated cores that are collected together, wherein at least one of the insulating layers is made of a mixture prepared 
by mixing 100 parts by weight of a polyethersulfone resin and 20 to 70 parts by weight of an inorganic filler; 

(3) The multi layer insulated wire as stated in the above (1) or (2). wherein the insulating layer made of the mixture 
is formed at least as the outermost layer. 

so (4) The multilayer insulated wire as stated in the above (1). (2). or (3), wherein the proportion of the inorganic filler 
in the mixture is tnaeased in an outer layer than an inner layer, successively 

(5) The multilayer insulated wire as stated in any one of the atx)ve (1). (2). (3). or (4). wherein the inorganic filler 
comprises at least one selected from arTx>ng titanium oxide and silica. 

(6) The multi layer insulated wire as stated in any one of the above (1). (2). (3). (4). or (5), wherein the inorganic 
35 filler has an average partde diameter of 0. 1 to 5 pm. 

(7) A multi layer insulated wire, corrpnsing the multilayer insulated wire stated in any one of the above (1), (2). (3), 

(4) . (5). or (6) whose surface is coated with a paraffin and/or a wax; and 

(8) A transformer, wherein the multilayer insulated wire stated in any one of the above (1). (2). (3). (4), (5). (6), or 
(7) is utilized. 

40 

[001 5] Meanwhile, the outermost layer in the present invention refers to the layer situated farthest from the conductor 
out of the extrusion-coating insulating layers. 

BRIEF DESCRIPTION OF DRAWINGS 

45 

[0016] 

Fig. 1 is a cross -sectional view illustrating an exanple of the ti^ansformer having a structure in which tiiree-layer 
insulated wires are used as windings. 
so Fig. 2 is a cross-sectional view illustrating an example of the transformer having a conventional structure. 
Fig. 3 is a schematic diagram showing a method of measuring static friction coefficients. 

BEST MODE FOR CARRYING OUT THE INVENTION 

55 [0017] The insulated wire of the present invention is characterized in that it has two or more, preferably three extru- 
sion-coating insulating layers, and at least one layer thereof is made of a mixture of a given resin with an inorganic filler. 
[0018] The resin in the mixture is a polyethersulfone resin, and the use of this polyethersulfone resin improves the 
heat resistance, the extrudability, and the flexibility in the function of the electric wire. 
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formula (1) 



15 



•''■-<0)-so.— <gy-, 



n 



so 



25 



Wherein R, represents a single bond or -Rg-O-. in which Rj. which may have a substituent (e a an alkvl arouo» 
;f T^"'""' " ' biphenylylene group, and n is a posrtive irJeger large enough igte^Zy^T' 
SLJThLT "2. ^^'^'^ ^'^ ^esin is known per se, and as an example, a manufacturing method in which a 

^' PO««^'""» cartJonate are reacted in a high-boiling solvent Sn men 
Sc^rc^Z':'^l?A''!2V^r=;^ S^-^^^el PES (trade name, man^ctur^' bTsS^i^ 

f Stv ^nT7u^^!Z!''^,^^''*^' "^'^^ °' "^^^ P'^'^^^^ » ^'^ '"proved the 

M ^ ""'^ However, if the molecular weight of the resin is too large it irdifficutt to 

exfrude the r^n .nto a thin f Bm In the present invention, the polyethersulLe resin has a reducTjii^rj,a, t 
a 7!'r^°^'°T° <^ °* ^ dimethylfolmamide solution of a polyTe,^ JSfrS M 

?^!, P^^f ^'e^"«°ne resui (PES) In 100 ml of dimethylfolmamide) in a thermostat at 25 "C to bemeiuS Sno a 
rXint'rti^'S'rr- 1^'^*^^^^ ° 3^ °^ "^^^^ ^ Particularly preferably in the range of 0 41 to SJ ' 
SS?' H P^^'f^'a^^^^en the amount of an inorganic filler to be used is large, it is preferable to use a pdyetheisulfone 
„ f^^'l'^f^^^educedv.scosfty is large, in view of flexibility of the resultant insulted wire. 

Emiiia ^^^"^ ^ »^an the insulating layer which is made 

«1?!!^LT P°'y«»'««"'to"e resin and an inorganic filler, may be made of only a resin without any inoroaS? 

aZ^«' "^^^^^ " Polyethersulfone resin, in view of heat-resistJ,ce and extrSabil™ " 
0024] Altematvely. in place of a polyethersulfone resin, a polyetherimide resin can be used to make an insulatino 
I^S^T^ISILTJ'^' res,n isinferior to the polyethersulfone resin in view of e^r-SSS^^^ a t^^ "SS"' 
^Sn.J^L^\ ^ synthesized, for example, by solution polycondensation of 2 2-bisf3-(3 4- 

a'S as ^SSSat^^ ""^T^^ ^"^ 4.4-diamiaodiphenylmetSi; in ortho<lichla<iiit2e as a 
solv^and as commeraaDy avadable resins, for example. ULTEM (trade name, manufactured by GE Plastics lid.) can 

1?.^L 'T^^"'^ *^ ^ i-^e-^o". can be mentioned titanium oxide silica 

aSnfc^^'S'^!-??* <^*onate. clay. talc, and the like. Among the abovHtanfum S 

^e aS thX^Si: vo^'- ''"^T ^ °» «^«- hardw are 

gate andtheyha^ly cause voids in an insulating layer, as a result, the external appearance of the resultino insulati^ 

7.V^n^. fbnormalHy of electrical properties hardly occurs. Preferably the in^ganicJLV has ^n atriXtte 
SrS^n^ o7r' ^r"*'r^?'^"°^^»«' ^-^^ P-oWems as the inclusion of voids aSa decSL? n ml 
ton property means that the water absorption at room temperature (asX) and a relative humidity of 60% is O.S% or 

Sm o?4~Fr8?2/n±''^ *"°T'' 'Jilt ""^ P^^^"* sample, as 

titenium oxide. FR-88 (trade name: manufactured by FURUKAWA CO., LTD.: average particle diameter 0 19 umi FR 

41 (trade name: manufactured by FURUKAWA CO.. LTD.: average particle diameter- 0 2^ umrlnd R^-A^r^ 
name, manufactured by FURUKAWA CO.. LTD : average particle d^n^ter: 3 to 4 „mr as Sica UF 007^i^de n!^ 
ss LTO^vf I"" ?f - "^"^^^ ^'''^^ ^'^"^^'^^^ ' 5X (tradeCm^ rSnuiacfu^^^^^^ 

nSiinn ' ''^ "'f ""5^'- ' '^"^^^ "^-3° C^^'^e "^^^e: manufactured by Iwatan. InTematioSS 

bSoku FUN^K?)S?o m L^' ''^"t •"^^ ^"'^ ^''^"^^ manufactured by 

Dinvji\u ruNKA KOQYO CO.. LTD.: average partide diameter: 3 pm). 
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[0028] The proportion of the inorganic filler in the above mixture is 10 to 100 parts by weight, to 100 parts by weight 
of the above resin. If the proportion is less than 10 parts by weight, the desired high heat-resistance and high-frequency 
properties cannot be obtained, further the heat shock resistance becomes bad, cracks reaching the conductor cannot 
be prevented from occurring, and in addition the solvent resistance is poor. On the other hand, if the proportion is over 

£ 1 00 parts by weight, the dispersion stability of the inorganic filler and the flexibility in the function of the electric wire are 
conspicuously lowered, and as a result the electric properties (breakdown voltage and withstand voltage) are deterio- 
rated. The heat shock resistance in the present invention refers to the property against heat shock due to wirxiing stress 
(simulating coiling). In view of the balance among the heat resistance, the high-frequency properties, the heat shock 
resistance, the solvent resistance, and other desired electric properties, preferably the proportion of the inorganic filler 

10 is 20 to 70 parts by weight, and more preferably 25 to 50 parts by weight, to 100 parts by weight of the above resin. 
[0029] The above resin mixture for use in the present invention can be prepared by melting and mixing by using a 
usual mixer, such as a twin-screw extruder, a kneader. and a co-kneader. There is no particular restriction on the mixing 
temperature and the like. However, it is preferable to carry out well drying of the resin and the inorganic filler, so that the 
water absorption may be 0.1% or less, respectively. 

15 [0030] To the above mixture can be added additives, processing aids, and coloring agents, each of whk;h are usually 
used, in such amounts that they do not impair the action and effects to be attained according to the present invention, 
to make the resin composition for extruding and coating. 

[0031] In the present invention, at least one layer out of the two or more insulating layers of the insulated wire is an 
insulating layer made of the above mixture. The position of the insulating layer made of the above mixture is not partic- 

20 utarly limited, and that layer may be the outermost layer or an layer other than the outermost layer. When an insulated 
wire is applied with a voltage higher than a partial discharge inception voltage by any cause, surface breakage due to 
corona may begin from the vicinity of parts where electric wires contact to each other, which breakage occurs more 
intensively under high-voltage and high-frequency, making break of wire easily proceed, thereby causing the deteriora- 
tion of the electric properties. Therefore, in order to prevent this phenomenon, it is preferable that the layer made of the 

25 above mixture of a polyethersuHone resin and an inorganic filler is provided at least the outermost layer (and optionally 
another insulating layer) in the insulated wire of the present invention. In this case, in view of the improvement, for exam- 
ple, in the heat resistance arKl the heat shock resistance, all the layers can be made of the above mixture, but in some 
cases, the electric properties (breakdown voltage and withstand voltage) are lowered a little. Therefore. preferat>ly one 
layer or several layers out of all the layers are made of the above mixture, or the proportion of the inorganic filler is more 

30 increased in an outer layer than in an inner layer In this case, if only the outermost layer is made of the above mixture, 
the heat resistance, the high-frequency V-t property, the solvent resistance, and the heat shock resistance can be 
greatly improved, but one wherein the proportion of the inorganic filler is increased in the more outer layer is more pref- 
erat)le because the adhesion between the layers is improved. 

[0032] Preferably, the overall thickness of the extrusion-coating insulating layers thus formed is controlled within the 
35 range of 60 to 180 ^m. Particularly preferably the overall thickness of the extrusion-coating insulating layers is in the 
range of 70 to 150 m^- Preferably, the thickness of each of the insulating layers is controlled within the range of 20 to 

60 \im. 

[0033] The multilayer insulated wire of the present invention may be provided with a covering layer having a specific 
function as an outermost layer of the electric wire, on the outside of the above two or more extrusion-coating insulating 
40 layers. For the insulated wire of the present invention, if necessary a paraffin, a wax (e.g. a fatty acid and a wax), or the 
like can be used, as a surface-treating agent. The refrigerating machine oil used for enameled windings is poor in lubric- 
ity and is liable to make shavings in the coiling operation, but this problem can be solved by applying a paraffin or a wax 
in a usual manner. 

[0034] As the conductor for use in the present invention, a bare conductor, an insulated conductor having an enamel 
45 film or a thin insulating layer coated on a bare conductor, a multicore stranded wire composed of intertwined conductor 
cores, or a multicore stranded wire composed of intertwined insulated -wires that each have an enamel film or a thin 
insulating layer coated, can be used. The number of the intertwined wires of the multicore stranded wire (a so-called litz 
wire) can be chosen arbitrarily depending on the desired application. Alternatively, when the number of wires of a mul- 
ticore wire is large, for example, in a 19- or 37-element wire, the multicore wire (elemental wire) may be in a form of a 
so stranded wire or a non-stranded wire. In the non-stranded wire, for example, multiple conductors that each may be a 
bare wire or an insulated wire to form the element wire, may be merely gathered (collected) together to bundle up them 
in an approximately parallel direction, or the bundle of them may be twisted in a very large pitch. In each case of these, 
the cross-section thereof is preferably a circle or an approximate circle. 

[0035] The multilayer insulated wire of the present invention can be used as a winding for any type of transformer. 
55 including those shown in Fig. 1 . In a transformer, generally a primary winding and a secondary winding are wound in a 
layered manner on a core, but the multilayer insulated wire of the present invention may be applied to a transformer in 
which a primary winding and a secondary winding are alternatively wound (JP-A-5-152139). Further, in the transformer 
of the present invention, the above multilayer insulated wire may be used for both the primary winding and the second- 
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thp rironH. ^"^•'w*'^ "^"^^^ three-layered extruded insulating layers is used for one of the primary and 

the secondary windings, the other may be an enameled wire. Additionally stated, in the case wherein the insuS,^"e 
Srj,u^:d'ntf:r'''7 " °* '""^ ""^'"9S and an enameled wirets usi forte o^^^ 

losZlfae^^ng^^X,;;"^'"'^^^^^^^ 

L J*'! insulated wire of the present invention has such excellent actions and effects that it is heat- 

resistant high enough to satisfy the heat resistance F dass. rt has high solvent-resistant, aacte du^to hea sh^J 
not formed, and. further, electric properties at high frequencies are good. The transfomier oMhe presem inSfntfon 
wherein the at)ove multilayer insulated wire is utilized, can meet the requirements for electrical/e ectronfc ^u^^^^^ 

^o^htr * ^^"^ ^ ^ fransformer is less influenced by gen^- 



EXAMPLES 

fSon *° ^"-""9 ---P'-- the 

Examples 1 to 9 and Comparative, (- samples 1 to a 

I^L„,^T ''"^^ i'*^ °* """^^^^ ^^^'"9 ^''^ compositions shown in Tables 1 and 2 

ZZl Srri!2 "^^'^ ^ Tables 1 and 2. and the surface treatments shown in Tables 1 2 

LIJ Slo^ ± make mt^ilayer «sulated wires. In Example 9. the conductor was made of seven-twisted wT^ 
each covered wrth a pdyarnKJeimrie and having a diameter of 0.15 mm* and in other cases the conductor wa* ^ 

rreSs^eT:rz::^rrcsr*^^ 

rS arelh'^lvJfn tS*? ^iSa"^"^" '"^^"^ '^"^^^ '-♦"^ — "n- 

A? ( 1 ) Solvent Resistance 

Ke a?^C LTo^^n' ^'"^•^ °'^! 3003-^'" ' (2) and 15.1. after the insulated wire was immersed 

(2) Dielectric Breakdown Vottage 

'^1 1 {11^ "^'^^"^ breakdown vottage was measured in accordance with the two-twisting method of JIS C 3003- 

(3) Heat resistance 

K 9 J^A^^A^Tr^ ^'"^.'^ ^""'^^'^^y *° A""ex U (insulated wires) of 

t ^ (Transformers) of Hem 1 .5.3 of 950-standards of the lEC standaitte 

I, Jv l^Th "Vif '""'J^ « °* diameter 6 mm under a load of 1 1 8 

5! r ^ ^^^'^^a' ' at 240 'C. and then for 72 hours at 190 "C. and then they were keot 

J^D^^f^ere of 25 »C and humidity 95% for 4S hours. Immediately thereafter, a withstand Sge S 3 kV vS 
WNed thereto, for 1 min. When there was no electrical short-circuit, it was considere;j that it pa^ed <SS F (^he jiT 
ment was made wrth n = 5. It was cor«idered that it did not pass the test if it was fslG even vSTen n = 1 f 



so 



(4) Heat Shock Resistance 

[00441 The heat shock resistance was evaluated in accordance with lEC 851 -6 TEST 9. After windino to the identical 
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(5) High-Frequency V-t Property 
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[0045] A test specimen was made in accordance with the two-twisting method of J IS C 3003"^^®'* 1 1 . (2). and the life 
(min) until the occurrence of short-circuit at an applied voltage of 4 kV, a frequency of 100 kHz, and a pulse duration of 
£ 10 fis was measured. 

(6) Static Friction Coefficients (Coilabllity) 

[0046] The measuring was done with an apparatus shown in Fig. 3. In Rg. 3. 7 indicates multilayer insulated wires. 8 
10 indicates a load plate. 9 Indicates a pulley, and 10 indicates a load. Letting the mass of the toad 10 be F (g) when the 
load plate 8 whose mass Is W (g) starts to mos/e, the static friction coefficient is found from F/W. The smaller the 
obtained numerical value Is. the better the slipperlness of the surface is and the better the collabilrty Is. 

(7) W^ter Absorption 

15 

[0047] The water absorption was measured by a Karl Fischer's type water content measuring apparatus. The heating 
temperature was 200 "C. Parenthetically, the materials used in Examples 1 to 9 and Comparative Examples 1 and 2 
were dried to have a water ak^sorption of 0.05% or less. The material used in Comparative Exanple 3 was dried to have 
a water absorption of 0.2%. 
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[0048] The muttilayer insulated wires of Examples 1 to 9 passed the heat resistance F class, and in the heat shock 

resistance test, they were not cracked, and the solvent resistance and the chemical resistance were good. 

[0049] In Example 1 . the Insulated wire was one wherein all the insulating layers were made of a mixture of a resin 
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The multi layer insulated wire as claimed in claim 1 , 2, 3, 4 or 5, wherein the inorganic filler has an average particle 
diameter of 0.1 to 5 ^m. 

A multilayer insulated wire, comprising the muKi layer insulated wire in claim 1. 2, 3. 4, 5 or 6 whose surface is 
coated with a paraffin and/or a wax. 

A transformer, wherein the multilayer insulated wire in claim 1.2,3. 4, 5, 6 or 7 is utilized. 
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